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1. Introduction

An interface where computers communicate with
their users in everyday speech would indeed be one
very familiar to us all. Spoken dialog systems per-
form tasks like retrieving information and making
reservations in a collaborative way through speech
communication with their human users. NTT Com-
munication Science Laboratories studies spoken dia-
log systems with the aim of establishing smooth con-
versation between computers and their users.

This paper addresses the issue of dialog smooth-
ness. A smooth dialog is one in which a system and
its user can communicate their intentions at all times
during the dialog and they can converse in an efficient
manner. Dialog smoothness has been hindered by the
fact that conventional systems have difficulty chang-
ing the dialog flow when the user interrupts the sys-
tem while it is speaking, which prevents users from
obtaining the necessary information as rapidly as they
would like. 

Another problem is that, due to speech recognition
errors, a system must continually confirm that it
understands the content of a user’s query. Otherwise,
the system could misunderstand the user’s query and

convey the wrong information. Although confirma-
tions are helpful in avoiding misunderstandings,
unnecessary confirmations by the system should be
avoided because they interfere with the smooth flow
of the dialog. Confirmation of some portion of a
query may be unnecessary if the system can utilize
the contents of its database. Conventional methods
have problems confirming any part of the content of
a query even in such cases. 

NTT Communication Science Laboratories has
developed a spoken dialog system called “DUG-1”
that overcomes the first problem [1]. DUG-1 can
respond to interjectory user utterances, like “yes” and
“right”, and user interruptions in a timely manner. It
does so by utilizing a novel language understanding
method called “incremental understanding” [2] and a
novel language generation method called “incremen-
tal production” [3]. Both these methods were devel-
oped by NTT Communication Science Laboratories.
Incremental understanding is a method for analyzing
user utterances incrementally, which is accomplished
by means of the partial parsing technique and a multi-
context model to deal with ambiguities in under-
standing dialog states. Incremental understanding
enables a system to comprehend a user query before
the user completes an utterance and to make acknowl-
edgements in the middle of user utterances. Users can
make a query while recognizing that the system
understands their utterances. Incremental production
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allows a system to respond in a short utterance unit by
means of a hierarchical planning technique while it
records what information has been conveyed. This
makes it possible for the system to change the flow of
a dialog according to interruptions by the user in the
middle of its utterances. As a result, the user can
obtain the desired information rapidly.

After developing DUG-1 and thereby solving the
first problem, we concentrated on solving the second
problem and developed a spoken dialog system called
“HUME”. This inherits the mechanism for timely and
adaptive responses from DUG-1 and features a novel
approach to dialog control called the dual-cost
method (4). The dual-cost method allows HUME to
convey the desired information in as short a dialog as
possible based on what is in its database. Figure 1
shows a scene where a user is conversing with
HUME.

2. HUME

HUME is a weather information system that con-

verses with users by spoken dialog. It recognizes five
hundred words. The system’s database, which is
updated daily, stores information about the weather,
temperature, and probability of rain forecast for the
next week, and current warnings issued for all pre-
fectures and major cities in Japan. Figure 2 shows the
system architecture. The system consists of a speech
understanding module, a dialog control module, an
utterance production module, and the weather infor-
mation database. The speech understanding module
recognizes users’ queries from their speech and
records the current system’s understanding of a
query. The dialog control module decides the sys-
tem’s action based on the system’s understanding at
each point of a dialog. Examples of system actions
are: i) confirming a user’s query as in “Are you inter-
ested in Kanagawa?”, ii) soliciting information from
the user as in “Which city are you interested in?”, iii)
or conveying information to the user as in “No warn-
ings have been issued for anywhere”. According to
the action decided upon by the dialog control module,
the utterance production module generates a series of
natural language phrases and outputs them as speech.

3. Efficient dialog depending on the system’s
database

Speech recognition errors force a system to confirm
a user’s query. The system can determine the content
of a query only by means of a user’s acknowledge-
ment, like “yes”, to the system’s confirmation. After
determining the content of a query, the system makes
a response to convey information to the user. A dialog
thus consists of the sub-dialog for confirmation and
the system’s response afterwards. Although the sys-
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Fig. 2.   HUME system architecture.

Fig. 1.   Scene where a user is conversing with HUME.
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tem’s confirmations are helpful in dealing with
speech recognition errors, it would be better to avoid
unnecessary confirmations because they hinder dia-
log smoothness.

Conventional dialog control methods concentrate
on reducing the length of a confirmation sub-dialog
and do not allow for the length of the system’s
response after a confirmation. They make unneces-
sary confirmations since the length of a confirmation
sub-dialog runs counter to that of a system’s response.
The lengths of both a confirmation sub-dialog and the
system’s response must be taken into consideration in
order to reduce the total dialog length. The length of
a system response depends on the database content.
Therefore, the system must control the dialog so as to
reduce the total dialog length as much as possible
according to its database.

Figure 3 shows an example of an inefficient dialog
that conventional methods might carry out. Assume
no warnings have been issued for anywhere and this
data is stored in the database. The user asks whether
a heavy rain warning has been issued for Kanagawa
prefecture. The system first confirms the place in
question and then confirms whether the information
the user wants is about weather in general or about
warnings. However, the system actually does not
need to confirm the place because once it has con-
firmed that the user is asking about warnings, it could
answer regardless of the place because no warnings
have been issued for anywhere. If several warnings
have been issued for different places, then the system
must, of course, confirm the place. But doing so when
it is irrelevant makes the system’s response unneces-
sarily long, which is frustrating for the user. Instead,

the system should control the dialog depending on the
content of the system’s database.

4. Efficient dialog control: dual-cost method

We have developed a dialog control method called
the dual-cost method, which enables the system to
avoid unnecessary confirmations, depending on the
content of its database. The dual-cost method con-
trols a dialog so as to minimize the sum of the length
of a confirmation sub-dialog (confirmation cost) and
the length of the system response (information trans-
fer cost). In HUME, the confirmation cost is estimat-
ed as the number of items the system must confirm,
and the information transfer cost is estimated as the
number of content words in the system’s response.
We have a more refined method of estimating confir-
mation cost based on the speech recognition rate. The
method implemented in HUME is a simplified ver-
sion of the refined one.

The dual-cost method considers all dialog plans
that are possible within the system’s understanding at
each point of a dialog. A dialog plan is a sequence of
system actions, and it represents the way the system
confirms the content of a currently recognized user
query and then responds to the user. The dual-cost
method computes the confirmation and information
transfer costs for each dialog plan. These costs have
roughly a trade-off relationship. The dual-cost
method chooses a dialog plan that yields the mini-
mum sum of the two costs. According to the chosen
plan, the system takes the next action.

For example, in Fig. 3, after the system has recog-
nized that the user’s query is about warnings, it com-
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pares two dialog plans. In plan A, the system con-
firms only the type of information that the user is
interested in and then makes a response. In plan B, it
confirms both the type of information and the place
that the user is interested in and then makes a
response. Plans A and B are shown in Fig. 4.

Since the fact that no warnings have been issued for
anywhere is stored in the database, the information
transfer costs of plans A and B are equal. The confir-
mation cost of plan B, however, is higher since the
system must confirm the place. The dual-cost method
therefore chooses plan A, which yields the minimum
sum of the costs, and the system avoids unnecessary
confirmation about the place.

When several warnings have been issued for differ-
ent places and this information is stored in the data-
base, plan B is chosen because plan A would increase
the information transfer cost. As described above, the
dual-cost method allows the system to choose an
appropriate dialog action according to its database
and to avoid unnecessary confirmations that conven-
tional methods cannot get around.

5. Evaluating the dual-cost method

We evaluated the performance of the dual-cost
method in dialog simulation experiments where a
system and an agent simulating a user converse to
perform a given task. The communication was done
in such a way that they exchanged internal represen-
tations of the contents of their utterances. The inter-
nal representations were written as a set of attribute-
value pairs. We controlled the recognition rate of
attributes included in the user utterances and inten-
tionally caused system misrecognition of the user

utterances according to the given recognition rate.
The task was a weather information query. The sim-

ulated user asked about the weather, temperature, rain
probability, or current warnings by specifying four
parameters: place, date, type of warning, and type of
information. The database contained the names of
fifty cities, two dates, such as today and tomorrow,
ten types of warnings, and four types of information.
It stored the information about the weather category,
predicted highest and lowest temperatures, and rain
probability for six-hour periods on each date for each
place. It also stored the data that no warnings had
been issued anywhere.

We compared two conventional methods, the lump-
sum method and the piecemeal method, with the
dual-cost method. These conventional methods
attempt to confirm a user query independently of the
system’s database. The lump-sum method tries to
confirm as many items as possible at once. The piece-
meal method tries to confirm items one by one. The
confirmation strategies exploited in other convention-
al methods are generally some combination of these
methods. 

Figure 5 shows a result when the simulated user
enquired about a warning. For each recognition rate,
2000 simulation dialogs were carried out. The length
of the dialog was measured as the sum of the content
words that the system and the user exchanged. The
results indicate that the dual-cost method could per-
form the task using a shorter dialog than the conven-
tional methods. 

When a user enquires about temperature or rain
probability, even the dual-cost method cannot dis-
pense with unnecessary confirmations, because the
system must confirm all attributes specified by the
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Fig. 4.   Example showing how the dual-cost method works.



Selected Papers

44 NTT Technical Review

user in this case. However, other simulations have
indicated that, even in such cases, the dual-cost
method is not any worse than the conventional meth-
ods.

6. Conclusion

We have explained the mechanism for a spoken dia-
log system and its user to converse in a smooth man-
ner. The dual-cost method enables an efficient dialog
depending on the system’s database. This method is
incorporated into a weather information system
HUME. Dialog simulation experiments verified the
method’s effectiveness. The technologies explained
in this paper can be applied to a variety of other tasks,
like reservations and information guidance, per-
formed using everyday speech. In the future, we will
broaden the application range of the spoken dialog
interface.
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Fig. 5.   Evaluation result: cases where a user enquires
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